(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intel 
Org; 

International Bureau 



d Property 



(43) International Publication Date 
1 July 2004 (01.07.2004) 




PCT 



IIIIIIIIIIIIIIIIIII 

(10) International Publication Number 

WO 2004/054708 A3 



(51) International Patent Classification 7 : B01J 20/10, 

20/28, 20/32, B01D 53/40, 53/62, 53/047 

(21) International Application Number: 

PCT/CA2003/001968 

(22) International Filing Date: 

18 December 2003 (18.12.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/433,967 18 December 2002 (18.12.2002) US 

(71) Applicant (for all designated States except US): UNIVER- 
SITY OF OTTAWA [CA/CA]; 550 Cumberland Avenue, 
Ottawa, Ontario KIN 6N5 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SAYARI, Abdelhamid 



[CA/CA]; 735 Lugate Court, Ottawa, Ontario K1J 8K8 
(CA). 

(74) Agent: WHITE, Stephanie, R.; Osier, Hoskin&Harcourt 
LLP, Suite 1500, 50 OConnor Street, Ottawa, Ontario KIP 
6L2 (CA). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, CO, CR, 
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, 
SC, SD, SE, SG, SK, SL, S Y, TJ, TM, TN, TR, TT, TZ, UA, 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, 

[ Continued on next page] 



= (54) Title: AMINE MODIFIED ADSORBENT, ITS PREPARATION AND USE FOR DRY SCRUBBING OF ACID GASES 



< 
oo 

IT) 



o 



silica source 
+ 

amphiphile 



mesoporous silica 



silica source 
+ 

amphiphile 
+ 

swelling agent 



+ swelling agent 



swollen mesoporous 
silica 




selective extraction of the 
swelling agent 



hydrophobic 
layer 



+ amine containing molecules B 




(57) Abstract: The present invention provides an 
amine functionalised adsorbent for use in dry scrubbing 
process. The adsorbent comprises amine functionalised 
mesoporous silica in which the amine groups are present 
at or near the surface of the silica, including within 
the pore walls and channels of the silica. The present 
invention further provides methods of preparing the 
adsorbent and of using the adsorbent for the adsorption 
of C0 2 and/or other acid gases. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1 (part); 2-3; 4-6, 8 (part); 9 (part); 10; 11 (part); 

13-14; 21-24 (part) 

insofar as relating to a composition (I) suitable for use as 
water-tolerant, regenerable adsorbent for use in an acid gas 
dry-scrubbing process, comprising surface or framework 
ami ne-f uncti onal i sed mesoporous silica ("MS") or 
organosilica ("MOS"), such that primary, secondary or 
tertiary amino groups are present and wherein (I-a-1) the 
amine containing molecules are **covalently bonded** to the 
**surface** of the pore walls; processes (II -1) or (II -2) 
for the preparation of (I-a-1), comprising introducing the 
amino functionalisation by **direct grafting** or **direct 
co-condensation** with the help of an amphiphile molecule 
("AM"); a method of dry scrubbing using (I-a-1); a two or 
more bed system (IV-a-1) for dry scrubbing comprising 
(I-a-1). 



2. claim: 15 

f relating to a process (II-3) for the preparation of (I-a-1), 
comprising introducing the amino functionalisation by 
**first grafting a reactive group-containing si lane**, and 
subsequently treating the resulting product with an amine. 



3. claim: 16 



relating to a process (I 1-4) for the preparation of (I-a-1), 
comprising introducing the amino functionalisation by 
**co-condensation** using a reactive group-containing si lane 
as amine precursor and subsequently treating the resulting 
product with an amine. 



4. claims: 1 (part); 4-6, 8 (part); 9 (part); 11 (part); 17, 19; 

21-24 (part) 

insofar as relating to a composition (I), wherein (I-a-2) 
the pore walls have a **hydrophobi c surface** and the 
**amine-containing molecules are dispersed within** the 
hydrophobic surface; processes (I 1-5) or (II -7) for the 
preparation of (I-a-2) by **either** first preparing a MS or 
MOS in the presence of a **swelling agent** and 
♦♦selectively extracting** the swelling agent to produce a 
hydrophobic layer on the surface of the MS or MOS and then 
treating the product with an amine **or** by reacting a 
source of silica with an AM and simultaneously or 
subsequently adding an **amine containing swelling agent**; 
a method of dry scrubbing using (I-a-2); a two or more bed 
system (IV-a-2) for dry scrubbing comprising (I-a-2). 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



5. claims: 1 (part); 8 (part); 9 (part); 18; 21-24 (part) 

insofar as relating to a composition (I), wherein (I -a) the 
surface is amine-functionalized by adsorbed amine molecules, 
**excluding the subject-matter of invention group 4**; a 
process (I 1-6) for the preparation of (I-a) comprising 
mixing a source of (organo-) silica with an **AM having at 
least one amino group** under conditions that facilitate 
self-assembly to produce (I-a), wherein the 
amine-functionalised MS or MOS has its **pores filled with 
amine-containing AM**; a method of dry scrubbing using 
(I-a); a two or more bed system (IV-a) for dry scrubbing ■ 
comprising (I-a). 



6. claims: 1 (part); 7; 8 (part); 9 (part); 12, 20; 21-24 (part) 

insofar as relating to a composition (I), wherein (I-b) the 
**framework is amine-functionalised**; a process (I 1-8) for 
the preparation of (I-b) comprising mixing a source of 
**organosilica** with an AM to produce a MOS having a 
framework comprising reactive sites and subsequently 
**introducing amino groups** at the reactive sites; a method 
of dry scrubbing using (I-b); a two or more bed system 
(IV-b) for dry scrubbing comprising (I-b). 
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